INTRODUCTION
Diffusion-weighted imaging (DWI) has become an increasingly routine component of clinical MR imaging. Its unique soft tissue contrast mechanism exploits differences in the motion of water molecules in vivo at a biologically meaningful scale. The clinical potential of DWI in lesion detection, characterization, and response assessment has been explored in multiple organs and for multiple tumors. 1, 2 This review briefly covers basic principles of DWI and introduces some recent advances in the field, specifically for abdominopelvic organs. For additional introductory review articles, several excellent references are available. [3] [4] [5] 
BASIC PRINCIPLES OF DIFFUSION-WEIGHTED IMAGING
DWI is based on the use of single shot echoplanar imaging sequence with a long time to echo (TE) (60-100 ms), fat suppression, and the addition of motion-probing gradient pulses. When turned on, these gradients are used to decrease the signal intensity (SI) of moving water molecules during image acquisition. The SI of water molecules within each tissue decreases exponentially with the magnitude of their motion and with the strength of the motion-probing gradients (Equation 1). (1) In this monoexponential equation, the strength of the motion-probing gradients is summarized in a b value that reflects the amplitude, duration, and interval between the gradients. The magnitude of the water diffusion is described by the apparent diffusion coefficient, or ADC, measured in mm 2 /s. S 0 and S b are the baseline SI (before a motion probing-gradient is applied) and the SI at a prescribed b value. Thus, various tissues lose their SI at different rates governed by their baseline SI, their ADC, and the choice of b value.
Intravoxel Incoherent Motion
DWI performed in body imaging quickly revealed a non-monoexponential behavior of ADC as a function of the b value. That is, the choice of b value influenced the calculated ADC of tissue ( Fig. 1 ). This observation was explained in part by work from Le Bihan and colleagues, 6, 7 recognizing that the motion of water molecules contributing to the signal in DWI arise from different compartments: extracellular space diffusion, intracellular space diffusion, and intravascular space diffusion (or perfusion). 8 Separating the motion of water molecules owing to perfusion in the microcirculation from that owing to diffusion in the extravascular space is summarized by the methodology of intravoxel incoherent motion (IVIM) imaging (Equation 2).
(2) Where S 0 and S b represent the SI at baseline and at a specified b value, f represents the perfusion fraction (or the contribution of water moving in capillaries), D represents the tissue diffusion coefficient, and D* represents the pseudodiffusion coefficient (or diffusion within the microcirculation). Because D* is greater than D by several orders of magnitude, its contribution is negligible at higher b values (typically above b = 200 s/mm 2 ). At higher b values, the relationship between S b and b again approximates a monoexponential equation dependent on D (Fig. 2 ). This limitation led to the 2009 consensus statement on the use of DWI as an imaging biomarker, emphasizing the role of multiple b values for measurement of ADC, and the possibility of calculating ADC high , a surrogate for D, using only high b value DWI. 9
Treatment Response
Much excitement has been generated from the use of DWI in oncologic imaging because of its potential to monitor treatment response in vivo. 4 The ability of DWI to evaluate oncologic outcomes can generally be separated into a pretreatment prediction of response, and the prediction of the response during or following treatment, such as chemotherapy or radiotherapy. The cellularity and vascularity of tumors are often affected by oncologic treatments, with potential changes affecting all 3 IVIM components, which are quantifiable by analysis of diffusion weighted images.
Diffusion-Weighted Imaging Reproducibility
Several barriers to the widespread adoption of DWI, especially in abdominal imaging, have included technical challenges to ensure a high-quality scan for every patient, and reproducible measurements of ADC. Quantifying the reproducibility of ADC and IVIM parameters is necessary before its use in clinical practice, and has been proposed by a panel of experts in the 2009 consensus statement. 9 The challenges in generating reproducible ADC and IVIM parameters is highlighted in selected studies.
ADVANCES IN LIVER DIFFUSION-WEIGHTED IMAGING
In the last decade, the use of DWI in liver MR imaging has been focused on improving lesion detection, lesion characterization, and tumor response. [10] [11] [12] In addition, DWI has also been used to evaluate the liver parenchyma as a predictor of fibrosis and cirrhosis, [13] [14] [15] [16] [17] a topic that is beyond the scope of this review. More recently, applications of IVIM in liver imaging and attempts at quantifying the reproducibility of DWI have been investigated.
Intravoxel Incoherent Motion in Liver Lesion Characterization
Distinguishing between benign and malignant liver lesion remains an important clinical challenge for radiologists. Initial studies with liver DWI were promising, showing differences in the ADC of benign and malignant lesions, although most studies included hepatic cysts and hemangiomas (with their corresponding high ADC values), entities that are often diagnosed easily with conventional T1 and T2 weighted imaging. The use of ADC to distinguish between solid benign and malignant liver lesions, such as hepatocellular carcinoma (HCC), focal nodular hyperplasia, or hepatocellular adenoma was not as promising. 18 As multiple b value DWI became available on clinical scanners, several groups investigated the potential of IVIM parameters for improved characterization of focal liver lesions. Similar to prior studies evaluating ADC of liver lesions, Ichikawa and colleagues 19 found that D was lower for malignant compared with benign lesions; however, it was not useful for distinguishing benign lesions that were not hemangiomas or cysts. Similarly, Yoon and colleagues 20 compared the diagnostic performance of ADC and D for distinguishing benign and malignant focal liver lesions in 142 patients. A higher area under the curve was found by receiving operating characteristic analysis for D compared with ADC, although this study also included 23 hemangiomas. Thus, the diagnostic utility of the IVIM parameter D in characterizing a solid hypervascular liver lesion as malignant or benign remains uncertain.
Several studies have explored the utility of IVIM in further characterizing specific liver malignancies. The correlation between the ADC and D of HCC with its histologic grade was investigated, demonstrating a higher accuracy for distinguishing high-grade from low-grade HCC by D compared with ADC by receiving operating characteristic analysis. A stronger correlation between HCC tumor grade and D (r = −0.604) was found compared with ADC (r = −0.448). The relatively modest sensitivity (88.9%) and specificity (78.3%) in distinguishing low-grade and high-grade HCC suggest that further refinement in IVIM technique and analysis, or combination with other MR imaging parameter, is needed before clinical application. For patients with colorectal cancer liver metastases on chemotherapy, both ADC and D values on whole tumor region of interest (ROI) were correlated with percent tumor necrosis on pathology. 21 On the other hand, a lack of correlation between necrosis with D* and f was attributed to the general difficulty in fitting these parameters in the liver.
Reproducibility in the Liver
Despite the advances obtained from IVIM over single b value ADC measurements, the optimal DWI technique for clinical liver imaging remains unclear. The liver also poses additional challenges compared with other organs, because of its proximity to the diaphragm and heart, with related respiratory and cardiac motions. Several recent studies have investigated the reproducibility of DWI measurements, evaluating the impact of different b values, as well as respiratory schemes, including breath hold (BH), free breathing (FB), respiratory triggering (RT), and navigator triggering (NT). [22] [23] [24] For focal liver lesions, Choi and colleagues 22 investigated potential differences in ADC measurements using BH, RT, and FB techniques. For focal liver lesions, excellent agreement in ADC (intraclass correlation = 0.952) were found at 3.0 T. In contrast, ADC of liver parenchyma had lower reproducibility with BH versus FB, RT, and NT respiratory techniques, although the results were possibly because of the lower number of excitations (NE x ) used for BH (NE x = 2) versus other techniques (NE x = 4). 24 Chen and colleagues 24 also found lesser ADC reproducibility and greater ADC mean values for the left compared with the right hepatic lobe, and decreasing ADC values as one measures from the superior to inferior left hepatic lobe, findings that reflect the potential effects of cardiac motion. These results further reinforce the suggestion by the consensus statement on DWI to measure ADC of focal liver lesions only in the right hepatic lobe. 9 Based on the limits of agreement for ADC measurements, the authors recommend a threshold of a 30% difference when using ADC as a biomarker, on baseline and follow-up studies. In a study of 20 patients with liver metastases, the potential use of ADC was investigated to predict treatment response to chemotherapy. 25 A similar repeatability coefficient of plus or minus 28% was found for ADC of liver metastases when limited to right hepatic lobe.
The choice of b values can influence the reproducibility of ADC measurements across
various respiratory techniques, as demonstrated in a study that included 10 volunteers and 11 patients with focal liver lesions. 26 For example, higher maximal b values included in the ADC calculations led to higher reproducibility for FB and RT techniques. This study further highlights the difficulty in comparing the reproducibility of ADC measurements across various studies using different acquisition techniques and methods of ADC analysis. Future studies will need to demonstrate consistent DWI technique when using ADC as a biomarker for treatment response of liver malignancies.
The reproducibility of IVIM parameters for liver DWI has been more challenging, as illustrated in several recent works. There was good to excellent reproducibility for D, but moderate to good and poor to moderate reproducibility for f and D*, respectively, in a prospective study evaluating FB and RT DWI in volunteers and patients for evaluation of liver fibrosis. 23 Similarly, there was poor reproducibility of f and D*, and good reproducibility for D and ADC for HCC in a study of 10 patients with DWI performed on 2 separate MR imagings. 27 Despite the excitement surrounding IVIM in liver MR imaging, refinements in this technique and greater consensus on optimal techniques for clinical sites are needed to ascertain a baseline reproducibility in IVIM parameters.
At our own institution, we routinely use a BH DWI technique with multiple b values, and for patients with limited BH capacity, NT is available. With BH techniques, acquisition times are limited to 20 to 25 seconds, with the NE x consequently limited to 2. Higher NE x are possible with NT, but with longer resulting acquisition times (Table 1) .
ADVANCES IN PANCREAS DIFFUSION-WEIGHTED IMAGING
Improvements in DWI techniques have also advanced the potential clinical applications in pancreatic imaging. Several studies are available on pancreatic lesion detection 28, 29 and characterization, [30] [31] [32] normal pancreatic parenchyma, 33, 34 and pancreatic function. 35, 36 Pancreatic tumors can be categorized into 4 main groups: cystic tumors, neuroendocrine tumors (NETs), solid nonendocrine neoplasms, and pseudotumors (chronic or acute inflammatory changes). Some of these lesions have overlapping clinical presentations and imaging is often requested to detect, characterize, and eventually stage these lesions. Some of the common clinical questions include how to differentiate indolent from malignant NETs, how to distinguish between tumors and pseudotumors, and how to identify benign from malignant cystic tumors. The potential utility of DWI and IVIM has been explored to address these clinical challenges. [28] [29] [30] [31] [32] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] 
Diffusion-Weighted Imaging in Pancreatic Lesion Detection and Characterization
Normal pancreatic parenchyma is characterized by high ADC values with a mild gradient from the head toward the tail. 33, 44 Noncystic pancreatic tumors demonstrate typically lower ADC values than normal parenchyma, and have higher SI compared with adjacent pancreatic parenchyma on DWI, making this technique a potentially useful tool for pancreatic tumor detection.
The relationship between tumor ADC and histologic grade has been explored for both cystic and solid pancreatic tumors. Two studies have investigated the potential prognostic significance of ADC values for pancreatic NETs. In the first, an inverse correlation was found between the cellular marker for proliferation Ki-67 and ADC values, that is, a lower ADC would indicate a more rapidly proliferating tumor, 39 whereas in the second study, when an ADC ratio between NETs and adjacent pancreatic parenchyma was calculated, a cutoff value of 1.03 could discriminate between benign and nonbenign NETs with a sensitivity of 92.9% and a specificity of 84.6%. 31 Conflicting data have been published on the correlation between pancreatic adenocarcinoma pathologic grade and ADC values. Wang and colleagues 48 and Hayano and colleagues 49 demonstrated that the tumor ADC values correlate with their pathologic grade of differentiation: high-grade adenocarcinomas with limited glandular formation and dense fibrosis had lower ADC values than low-grade adenocarcinomas. However, Rosenkrantz and colleagues 50 found no such a correlation in 30 patients with adenocarcinoma. Significant differences exist between these studies with respect to the DWI sequences, b values, ROI placement, and type of ADC analysis. For example, Hayano and colleagues used minimum ADC values, whereas the other 2 studies used mean ADC values. In addition, Rosenkrantz and colleagues included the whole lesion in the ROI and the other 2 studies included only the solid and homogeneous portions of the tumor. The variability in how similar DWI datasets can be analyzed remains an obstacle for the widespread adoption of this technique for clinical use.
Differentiating between benign and malignant intraductal papillary mucinous neoplasms (IPMN) remains challenging for clinicians who are increasingly following patients with cystic pancreatic lesions. Although a consensus statement is available to guide the selection of IPMN for surgery, the guidelines remain imperfect. 51, 52 In a cohort of 52 patients with cystic IPMN, Kang and colleagues 53 demonstrated lower ADC in malignant IPMN compared with benign IPMN. In this study, adding DWI to conventional MR cholangiopancreatography, 3 observers were able to differentiate between benign and malignant IPMN with a sensitivity ranging between 76% and 100% and a specificity between 84% and 97%. In a group of 50 patients, Fatima and colleagues 54 were able to define a 2.4 × 10 −3 mm 2 /s cutoff ADC value to differentiate between IPMN and MCN with a sensitivity of 98% and a specificity of 88%. Schraibman and colleagues 38 compared ADC values of serous cystadenoma and mucinous cystic tumors in 45 subjects and showed that mucinous tumors have lower ADCs. They proposed a greater restricted diffusion of water in the presence of mucin. Whether ADC measurements may be useful in cystic pancreatic lesions in a prospective setting remains to be seen.
Intravoxel Incoherent Motion in Pancreatic Lesion Characterization
At this time, only 4 groups have evaluated IVIM in pancreas imaging. 30, [43] [44] [45] 55, 56 The evidence thus far suggests that normal pancreatic tissue demonstrates higher IVIM parameters D and f than non-cystic pancreatic lesions. In a group of 71 patients, Lee and colleagues 45 also reported 87.2% sensitivity and 61.5% specificity when using D to differentiate pseudotumors from solid nonendocrine neoplasms. In the same study, solid nonendocrine neoplasms had significantly higher f compared with pseudotumors, and f could be used with a 92.3% specificity and 42.6% sensitivity in differentiating the same entities using 23.91% as cutoff value. In a smaller group of patients, Concia and colleagues 44 confirmed significant f values differences between neoplastic lesions and pseudotumors, but reported overlap of D values between the same entities. Kang and colleagues 30 in a group of 46 patients also demonstrated significantly lower f values in neoplastic lesions compared with pseudotumors with a sensitivity of 84% and a specificity of 100% in differentiating these 2 entities. In the same study, the authors analyzed fast and slow water molecules diffusion and found that no differences in D between pseudotumors and neoplastic lesions; however, it was possible to differentiate these 2 pathologic processes using D* measurements with a sensitivity of 94.9% and a specificity of 85.7%. In 37 patients with IPMN, Kang and colleagues were able differentiate between benign and malignant IPMN analyzing D and f values of the solid portions of these lesions. With f, a sensitivity of 93.3% and a specificity of 77.3% was achieved in differentiating benign versus malignant IPMN, whereas slow D had a sensitivity of 93.3% and a specificity 63.6%. No differences were found between these 2 entities when using analyzing D* values.
In summary, the initial experiences with IVIM for pancreatic pathologies are promising in their potential to discriminate between carcinoma of the pancreas and chronic pancreatitis, and between malignant and benign IPMN. However, the pulse sequences and methods for quantitative analysis differ between the different experiments and further studies are needed to validate these results.
Reproducibility in the Pancreas
Few studies have investigated the reproducibility of DWI for the pancreas. Ye and colleagues 57 found negligible (<5%) differences in ADC measurements of the pancreas in 24 healthy volunteers; these subjects were imaged during 2 different session using 2 different 1.5-T scanners and a 3-T scanner. No differences in normal pancreas ADC values were found before and after injection of intravenous gadolinium contrast agents 58 ; similar results were demonstrated in pancreatic ductal adenocarcinoma. 59 The lack of differences in ADC before and after contrast should allow for some flexibility in pancreas MR protocol design, with the implementation of DWI sequences before or after contrast administration. Herrmann and colleagues 34 reported ADC values differences related to subjects age and sex; this observation may affect the use of ADC ratios to normal pancreas when characterizing focal pancreatic lesions. To date, no reproducibility study on IVIM parameters in pancreas DWI have been published.
At our own institution, during MR cholangiopan-creatography studies, we currently perform both large field of view (FOV) DWI, as done for the liver DWI, and a small FOV DWI. Small, or reduced, FOV DWI is a recently available technique on GE scanners that allows for higher resolution imaging with reduced artifacts (Fig. 3 ). With the smaller voxel size, however, NT is required to achieve sufficient signal to noise (see Table 1 ).
ADVANCES IN RECTAL DIFFUSION-WEIGHTED IMAGING
Dramatic advances in image quality over the past few years have made DWI a promising tool for rectal lesion evaluation. As such, recent guidelines for rectal cancer imaging recommend DWI as part of a standard MR imaging protocol for preoperative restaging of rectal cancers after neoadjuvant chemoradiotherapy (CRT). 60
Diffusion-Weighted Imaging for Initial Evaluation: Rectal Cancer Detection, Characterization, and Staging
Rectal cancer detection relies on clinical examination and endoscopy. However, in some cases DWI helps to locate very small rectal tumors during primary staging. 61 For characterization, several studies have demonstrated lower ADC values in rectal adenocarcinoma compared with normal rectal wall. 61 Curvo-Semedo and colleagues 62 also reported lower ADC values in more aggressive tumors. The added value of DWI for primary rectal cancer staging is still debated. DWI can facilitate lymph node detection, but alone it is not reliable for differentiating between benign and malignant lymph nodes. 63
Evaluating the Response to Neoadjuvant Treatment with Diffusion-Weighted Imaging
The treatment of locally advanced rectal cancer has shifted in recent years from a standard treatment for all patients including neoadjuvant CRT followed by operative resection to a more conservative approach. Response evaluation of locally advanced rectal cancer after CRT is thus emerging as a critical issue. Recent studies have illustrated the added value of DWI to differentiate viable tumor from fibrosis and to allow prediction of complete response. [64] [65] [66] [67] [68] [69] [70] Areas of fibrosis typically have a low cellular density, which results in low SI on high b value DWI. In contrast, residual tumor areas have a relatively high cellular density and show high SI on DWI images that stands out against the low SI of the surrounding tissue and fibrosis. As such, small areas of residual tumor are better depicted on DWI images (Fig.  4) . More recently, tumor volumetry with DWI has demonstrated highly accurate results in prediction of complete tumor response. 70 The results from studies evaluating pre-CRT ADC values to predict rectal tumor response to neoadjuvant treatment are somewhat conflicting. Some authors have suggested that initial ADC values might predict tumor response to CRT [71] [72] [73] and others have demonstrated significantly lower pre-CRT ADC values in good responders compared with poor responders. 64, 71 Conversely, other authors found no difference in the pre-CRT distribution of ADC values between nonresponders and responders. 70, 74, 75 Likewise, results concerning post CRT tumor response lack agreement: several studies have demonstrated significantly higher mean post-treatment ADC values in the complete responder group, 66, 74, 76 whereas others reported no difference. 70
Reproducibility in the Rectum
ADC values often show great variability and are difficult to compare owing to differences in methodology. Most studies with ADC measurements have been conducted on selected ROIs placed on a representative image of the rectal tumor for analysis. 64, 74, 76, 77 Thus, these techniques do not assess the problem of variable ROI size and positioning. In a study performed by Lambregts and colleagues, 78 the authors found that ADCs acquired from the whole tumor volume were more reproducible than those obtained from single-slice or small sample measurements.
Although normalized ADC values have been suggested, in pancreas ADC, for example, no similar studies have ever been performed in rectal DWI. 79 One study analyzed the repeatability of rectal tumor ADC at 1.5 T. 80 In this study, 18 patients with rectal cancer underwent a rectal MR imaging on 5 consecutive days with 2 identical DWI sequences. The repeatability coefficient of the ADC value was 9.8%, which is in the range of previous reported study of ADC value in the abdomen. 80
Intravoxel Incoherent Motion in Rectal Cancer
To date, only preliminary results are available from a single study on the use of IVIM for rectal cancer. Bauerle and colleagues 81 compared the IVIM parameters (f and D) with histologic data (vascular area fraction and vessel diameter). First, although f was found to be significantly higher in the normal rectal wall of patients than in the tumor, histologic results showed significantly higher vascular area fractions in the tumor than in the rectum. The authors attributed their findings to the irregular morphology of tumor vasculature that led to a moderate perfusion in small and tortuous vessels. This paradoxic result has already been observed in some other tissues, such as prostate cancers versus surrounding normal tissues 39 and lung cancer versus consolidation. 40 Moreover in this study, the parameters D and f were correlated with the vascular area fraction in patients without CRT.
The negative correlation found between D and the vascular area fraction in these patients could be an indicator that D is associated with tumor tissue, which is often strongly vascularized. In contradistinction, in patients who received CRT, the absence of correlations in rectal carcinoma between DWI and histologic parameters suggests that therapy induced inhomogeneous changes, such as focal fibrosis and necrosis, as well as changes in vessel permeability. Further studies are needed to validate prospectively the utility of IVIM parameters such as D, as a noninvasive imaging biomarker in rectal cancer.
At our own institution, we routinely use BH DWI technique with multiple b values (see Table 1 ). It is critical that the DWI sequence matches the oblique T2W axial sequence perpendicular to the tumor to assess correctly tumor response and to perform fused imaging.
ADVANCES IN PROSTATE DIFFUSION-WEIGHTED IMAGING
The use of DWI in prostate cancer has been the subject of extensive research in the literature and is now included most clinical prostate MR imaging protocols. Simple DWI-derived quantitative metrics such as the ADC have been used to differentiate benign and malignant prostate tissue. 82 Also, significant inverse correlations have been reported between ADC values and prostate cancer Gleason score as well as tumor proliferation markers such as Ki-67. [82] [83] [84] Despite these significant differences, substantial overlap exists between the ADC values of prostate cancer and benign conditions such as prostatitis and biopsy-induced changes. As a result, recent efforts have focused on more advanced methods for DWI acquisition, processing, and interpretation, with the aim of consolidating and further developing its well-established role in prostate cancer assessment.
Choice of b Values in Prostate Diffusion-Weighted Imaging
The optimal choice and number of b values that should be used to acquire prostate DWI is a matter of continuous debate. Absolute ADC values strongly depend on the choice of b values and therefore should be used with caution, particularly when attempting to establish "thresholds" for diagnosing disease states. 85 Higher b values offer the theoretic advantage of increased tumor to normal tissue contrast, at the expense of a decreased signal-to-noise ratio. One study reported higher lesion conspicuity and tumor-normal SI ratio when DWI was acquired with b values of 0 and 2000 s/mm 2 compared with 0 and 1000 s/mm 2.86 Others suggest that, rather than acquiring high b value images, these can be "computed" by voxelwise fitting from a set of acquired lower b value images. Using numerical simulations, Maas and colleagues 86 reported comparable noise and the contrast-to-noise ratios between "calculated" and "acquired" DWI at a b value of 1400 s/mm 2 (P = .395). Another study reported the best diagnostic performance for prostate tumor detection when T2 weighted images were evaluated in conjunction with b2000 DWI, regardless of whether a set of "measured" or "calculated" b2000 images were used. 87
Intravoxel Incoherent Motion in Prostate Cancer
The number of b values used in prostate DWI is also controversial. A minimum of 2 b values are required for monoexponential calculation of ADC. The use of 3 or more b values can better account for the non-monoexponential behavior of ADC as a function of b value and the influence of perfusion at low b values. There is evidence that IVIM parameters, including D, D* and f, differ significantly between cancerous and normal peripheral zone prostatic tissue cancer. 88, 89 Others have questioned the incremental value IVIM over simple monoexponential ADC measurements in prostate cancer, with some issues being raised about the influence of the b values used for acquisition and ideal method for calculating IVIM parameters. 90, 91 One of these studies found significant differences in IVIM parameters using 2 different methods for calculation. 90 Despite this, the IVIM parameter D (but not f or D*) was able to discriminate between tumor and normal areas with an area under the curve of 0.90 or greater in this study, regardless of the calculation method. 90 Further research into prostate IVIM is needed, with a focus on standardization of image acquisition techniques and approaches to fit the IVIM parameters from the measured DWI data.
At our own institution, we use a non-BH DWI technique with multiple b values (b 0, 400, 700, 1000). As described for the pancreas, we also use large and reduced FOV DWI for prostate imaging, which allows for higher resolution imaging with decreased artifacts. A summary of the DWI acquisition parameters is shown in Table 1 .
SUMMARY
Exciting developments in DWI, both in imaging techniques and applications, have improved our ability to detect and characterize benign and malignant neoplasms. Predicting the histologic grade of malignancies and their response to treatment continue to be active areas of research. Multiple challenges remain, such as the standardization of acquisition parameters and DWI analysis across sites, to further the adoption of advanced methodologies, such as IVIM, to clinical practice.
KEY POINTS

•
Intravoxel incoherent motion is a methodology to evaluate diffusionweighted imaging (DWI) with the use of multiple b values, to separate the contribution of perfusion from tissue diffusion.
• DWI has been applied to the detection and characterization of tumors from multiple organs.
• DWI has been used to predict and evaluate response to treatment for a number of different tumors and treatment modalities.
• Reproducibility of apparent diffusion coefficients (ADC) measurements from DWI is limited by variability in imaging techniques and methods of ADC analysis. Intravoxel incoherent motion (IVIM) parameters contribution to tissue signal intensity (SI). The rapid loss in SI of soft tissue, S, at lower b values is partly explained by the contribution of water signal from the intravascular space, which is defined by the perfusion fraction (f) and the pseudodiffusion coefficient D*. Because D* is usually several orders of magnitude larger than D, its contribution approaches zero as b increases above 100 to 200 s/mm 2 . Thus, at higher b values (>200 s/mm 2 ), a monoexponential behavior is observed from the extravascular fraction of moving water molecules (1 − f), which is governed by the tissue diffusion coefficient D. Rectal cancer diffusion-weighted image (DWI). Before neoadjuvant chemoradiotherapy (CRT), T2WI sequence (A; arrow) and fused T2WI/DWI (B) image demonstrate T3c tumor extending thorough the mesorectal fascia. After CRT, the T2WI (C) demonstrate residual tumor (white arrow) but also T2 hypointense area (black arrow) in the muscularis propria with speculation extending thorough the mesorectal fascia. This could either represent fibrotic scar or residual tumor. Adding DWI to T2WI (D) enables to distinction of residual tumor (white arrow) from fibrotic scar (black arrow) confirmed on pathology (E) (arrow;
original magnification, × 4; stain, hematoxylineosin). Radiol Clin North Am. Author manuscript; available in PMC 2016 August 10.
